A novel aminoquinazolin derivative (named 9d), synthesized in our lab shows potential antitumor activity against A549 lung cancer cell lines. However, previous studies on the pharmacological mechanism of 9d mostly focused on cell and gene levels; the metabolic mechanism remains unknown. In this paper, an ultra-performance liquid chromatography coupled to quadrupole time-of-flight mass spectrometry (UPLC/Q-TOF MS) based metabolomics approach was established to study the probable antitumor mechanism. Q-TOF MS and MS/MS were used to identify significantly different metabolites. 22 significantly different metabolites were observed between the 9d-treated A549 lung cells group and control group. They were involved in glycerophospholipid metabolism, glutathione metabolism, phenylalanine metabolism, cysteine and methionine metabolism, and aminoacyl-tRNA biosynthesis. The results showed that glutathione level and cell-membrane components phosphatidylcholines were decreased in 9d-treated cells, while their oxidative products, oxidized glutathione and lysophosphatidylcholines, were significantly increased. Further biological investigation showed an apparent accumulation of reactive oxygen species and a decrease in mitochondrial membrane potential.
Introduction
Quinazoline compounds were rstly isolated from Gabriel plants, possessing a series of biological effects, such as sedation,
anti-hypertension, 3 antimalaria, 4 antifungi 5 and other pharmacological effects. In recent years, as an active skeletal structure of pharmacodynamic activities, several quinazoline compounds have been successfully applied as anticancer drugs. 6 Aminoquinazoline compounds are the representative structures among quinazoline compounds, which have an anti-cancer effect primarily through inhibiting the epidermal growth factor receptor or its tyrosine kinase by the phosphorylation of epidermal growth factor receptor tyrosine kinase (EGFR-TK), such as getinib, 7 erlotinib 8 and vandetanib. 9 However, some challenges appeared for those marketed drugs. For instance, getinib has markedly improved the drug efficiency in non-small cell lung cancer (NSCLC) patients, but it lacks prolonged effectiveness due to acquired resistance mainly caused by T790M mutation. 10, 11 Afatinib exhibited antitumor activity by upregulating bypass signal, but the signal consisted of numerous genetic and epigenetic signaling aberrations. 12 Nevertheless, selective disruption of EGFR by small-molecule inhibitors has been clinically validated as a rational strategy for cancer. Therefore, new aminoquinazoline compounds are still needed to be developed. 13 As one of the most potent compounds, CUDC-101 had already entered phase I clinical investigation.
14 However, biological activities and pharmacological effects of some drugs in the research stage were explored by molecular biological technologies on cell or kinases level. 15 The comprehensive understanding of their anti-tumor mechanism was still limited. Therefore, a simple and reliable method was extremely needed a Department of Chemistry, Tsinghua University, Beijing 100084, China to further explore the antitumor mechanisms of aminoquinazoline derivatives.
Metabolomics, known as metabolic proling analysis, is widely applied in disease diagnosis, 16 drug discovery research, 17 pharmacodynamic mechanism and drug toxicology exploration. 18 Through the changes of metabolites levels in biological samples, we could understand the complex physiological and pathological conditions of different biological systems. 19 Currently, metabolic proling plays an important role in the evaluation of drug toxicity in the drug trial phase, such as the determination of optimal drug doses through drug-level measurements. 20 For example, as a potential anticancer agent, CAT was analyzed by endogenous metabolites for a better understanding of the efficacy and toxicity of potential anticancer agent. 21 This method showed its advantages in monitoring chemical changes of living cells, especially some low molecular weight metabolites. Currently, different analytical techniques have been used for metabolomics study, including nuclear magnetic resonance (NMR) and mass spectrometry (MS). NMR exhibits strong structural analysis ability but low sensitivity for trace constituents in biological samples, while MS can overcome such shortcomings. In combination with liquid chromatography (LC) and gas chromatography (GC), MS shows its powerful capability for qualitative and quantitative metabolomics study. When compared with conventional platforms, ultra-performance liquid chromatography coupled to quadrupole time-of-ight mass spectrometry (UPLC/Q-TOF MS) possesses several advantages, such as superb sensitivity, high resolution and strong specicity, thus it is more appropriate for metabolomics studies.
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In our previous studies, a series of aminoquinazolin derivatives have been synthesized, the derivative 9d, 7-(4-(4-((3-chloro-2-uorophenyl)amino)quinazolin-6-yl)-1H-1,2,3-triazol-1-yl)-N-hydroxyheptanamide (Fig. 1A) , exhibited excellent inhibitory activity against A549 cells.
23 The underlying mechanism of the anti-proliferative activity of 9d is worthy to be explored. Here, a comprehensive metabolite prole of aminoquinazoline derivative 9d against A549 cell line is presented. Signicant metabolites changes aer the stimulation of 9d were identied, and the important involved metabolic pathways were veried with the traditional molecular biological. Our results suggested that 9d caused signicant disturbance in glycerophospholipid metabolism, glutathione metabolism, phenylalanine metabolism, cysteine and methionine metabolism, aminoacyl-tRNA biosynthesis, as well as several other signi-cantly changed metabolites. The following biological verica-tion and ow cytometry results indicated that 9d could induce oxidative stress and cell cycle arrest, which nally led to cell apoptosis.
Experimental
Reagents and materials 4-Anilinoquinazolines with C-6 triazole-linked long alkyl chains of hydroxamic acid (9d), was synthesized by our lab. Dimethyl sulfoxide (DMSO) and 3-(4,5-dimethyl-thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) were purchased from Sigma-Aldrich Co. (St. Louis, USA). A549 cell line was purchased from Shanghai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). F-12K culture medium was purchased from Genom Biotech Co., Ltd. (Hangzhou, China). Fetal Bovine Serum (FBS) was obtained from Biochrom Co., Ltd. (Cambridge, UK). Streptomycin sulfate and penicillin were purchased from North China Pharmaceutical, China. Acetonitrile and methanol (HPLC grade) were purchased from Fisher (Fairlawn, USA). HPLC grade formic acid was purchased from Tedia (Tedia Co., USA). Distilled water was ltered through a Milli-Q system (Millipore, USA). Reactive oxygen species (ROS) assay kit and rhodamine 123 (Rh 123) were purchased from Beyotime Institute of Biotechnology (Shanghai, China).
Cell viability assays
The cell viability was assessed by MTT assay to determine the optimal drug concentration for metabolomics study. First, A549 cells were cultured in F-12K medium supplemented with 10% FBS, 100 mg mL À1 streptomycin and 100 mg mL À1 penicillin.
Cells were maintained at 37 C in a 5% CO 2 -humidied air atmosphere incubator, and culture medium was renewed every 24 h. For cell viability assay, cells in logarithmic phase (85% conuence) were digested with 0.25% trypsin and washed with PBS twice. Cells were then collected at 1000 rpm for 5 min and resuspended to 5 Â 10 4 cells per mL. About 5 Â 10 3 cells per well were seeded in a 96-well plate. 9d was prepared in DMSO at a concentration of 10 mM, and the solution was diluted with culture medium to obtain gradient concentrations of 200 nM, 600 nM and 1000 nM. They were added to each well in sextuplet and then incubated for 16 h, 24 h, and 32 h respectively. Aer treatment, cells were incubated with 10 mL of MTT solution (5 mg mL À1 in PBS) for 4 h at 37 C. The formazan precipitate was dissolved in 100 mL DMSO and the absorbance at 490 nm was measured by a Benchmark microplate reader (Molecular Devices Corporation, USA).
Sample preparation for metabolomics
Seven replicates of 9d-treated and control groups were prepared for the metabolomics study. For each replicate of the drugtreated group, 5 Â 10 6 cells in a 10 cm dish were exposed to 600 nM of 9d and a same amount of DMSO as a control group. Note that the nal concentration of DMSO should be controlled in less than 0.1% to avoid cell cytotoxicity. Aer 24 h incubation, the culture medium was removed, cells were quickly washed by gently dispensing 10 mL of 37 C deionized water to remove residual medium and to arrest cellular metabolism. Then 1 mL of ice cold 80% aqueous methanol at À20 C was added into the culture dish to quench cells. The quenched cells were scraped, collected and transferred to 2 mL centrifuge tubes. Then the cells in an ice bath were ultrasonicated intermittently (5 s of ultrasonication and 10 s of interval) by an ultrasonicator for 10 min and subsequently centrifuged at 4 C for 10 min at 13 000g. The supernatant was collected and dried in the nitrogen environment. The residues were resuspended in 1.0 mL acetonitrile/water (1 : 1, v/v) mix, and were ltered through 0.22 mm mesh millipore lters (Florham Park, NJ) into glass auto-samplers. The residues were stored at À80 C for further analysis. A quality control (QC) sample was prepared by mixing 30 mL volumes of solution from each of the 14 samples into a glass auto-sampler. The pooled QC sample was injected ve times at the beginning of the run and then analysed every three samples to further monitor the stability of the system.
UPLC/Q-TOF MS conditions
The UPLC/Q-TOF MS analysis was performed using Acquity™ Ultra-Performance Liquid Chromatography system (Waters Corporation, MA, USA) coupled to Q-TOF premier Mass Spectrometer (Waters Corporation, MA, USA), operated in the positive (ESI+) and negative (ESIÀ) electrospray ionization modes. The chromatographic separation was carried out on a Waters Acquity™ BEH C18 column (100 mm Â 2.1 mm, 1.7 mM). The column and samples were maintained at 35 C and 4 C, respectively. The ow rate was set at 0.5 mL min À1 . The mobile phase consisted of (A) 0.1% formic acid in water and (B) acetonitrile in positive ion mode, while (A1) 5 mM ammonium acetate in water and (B1) 5 mM ammonium acetate in acetonitrile (95 : 5, v/v) in negative ion mode. Elution gradient was linearly increased from 5% to 40% B (B1) within 5 min, then to 100% B (B1) within 5 min and maintained for 1 min, followed by declining to 5% B (B1). Total running time was 15 min per separation. A 10 mL sample volume was introduced onto the column. The Waters Q-TOF premier was equipped with an electrospray ion source in both positive and negative ion modes and V optics mode. The capillary voltages were 3.5 kV (ESI+) and 2.5 kV (ESIÀ), cone voltages were 35 V (ESI+) and 30 V (ESIÀ). Cone gas ow was set at 50 L h À1 with the source temperature at 120 C. Desolvation gas ow was maintained at 500 L h À1 with the desolvation gas temperature at 300 C. Data were collected in the centroid mode. The mass range was m/z 80-1000 with a scan time of 0.20 s and inter-scan time of 0.02 s. For mass accuracy, leucineenkephalin (m/z 556.2771, ESI+; m/z 554.2615, ESIÀ) at the nal concentration of 100 pg mL À1 in acetonitrile-water with 0.1% formic acid (50 : 50 v/v) was used as the lock mass (m/z 556.2771) with a ow rate of 0.05 mL min À1 . Lock spray frequency was set at 10 s and scan to average for correction was 10 s with the reference cone voltage at 40 V. For MS/MS analysis, the collision energy was set in a ramp mode, ranging from 10 V to 40 V.
Metabolomics data analysis
The initial data of the control and 9d-treated groups were processed using MarkerLynx soware 4.1 (Waters Corporation, MA, USA), which worked by integrating chromatogram peak in the UPLC/MS data under the operation of Apex-Track-peak detection package. Every chromatogram peak was distinguished by mass to charge ratio (m/z), retention time (RT) as well as their associated height intensities. Prior to multivariate statistical analysis, the total sum of chromatogram was normalized. To avoid the effect of system error, the noise and background interference were excluded, the signal strength of each ion was normalization. Then the three-dimensional data, peak number (RT_m/z pair), sample name, and normalized ion intensity were introduced into SIMCA-P 11.5 soware package (Umetrics, Umea, Sweden) for multivariate data analysis, and then analyzed by principle component analysis (PCA) and orthogonal partial least squares discriminant analysis (OPLS-DA). As a typical unsupervised method, PCA can be used to supervise samples directly and provide information of potential biomarkers. Based on training sample aggregation, OPLS-DA, logistic regression, support vector machines (SVMs) and other supervised methods can also be conducted to establish a predictive model for the analysis of unknown samples. 24 In addition, all data represented at least seven independent parallel experiments and they were expressed as means AE standard deviation (SD). Metabolites with signicant difference (p < 0.05) were considered as potential biomarkers and subjected to further identication of the molecular formula by tandem mass spectrometry (MS/MS), then the metabolites were determined with databases of HMDB (http://www.hmdb.ca/) and METLIN (http://metlin.scripps.edu/), which gather the standard fragmentation patterns of biological metabolites. Besides, to identify the metabolic pathways related to those metabolites, the MetPA (www.metaboanalyst.ca) was introduced to reveal altered metabolism pathways.
Flow cytometry analysis
For the purpose of cell cycle arrest analysis, A549 cells were treated with 9d of 200 nM, 600 nM and 1000 nM for 24 h at 37 C and then were harvested by trypsinization while in the exponential growth phase (80-90% conuence). Cells were treated according to the protocol of PI apoptosis detection kit (Beyotime Institute of Biotechnology, China) and subjected to the ow cytometry (Moo XDP, Beckman Coulter, USA) to assay.
Detection of reactive oxygen species (ROS) and mitochondrial membrane potential (MMP)
A549 cells in the logarithmic growth were plated in 6-well cell culture plates at initial densities of 1 Â 10 6 cells per mL and incubated for 12 h, and then treated with 0, 200, 600 and 1000 nM of 9d for 24 h. The levels of intracellular ROS and MMP were determined according to the instruction of relevant regents respectively. Cells were harvested and suspended in PBS, 1 Â 10 6 cells were then incubated separately with 10 mM 2,7-dichloruorescein-diacetate (DCFH-
Result and discussion

Cell viability assay
Prior to metabolomic analysis, the effects of 9d concentration and incubation time on A549 cell viability were investigated to gain the optimal drug effect with minimal cell death. As shown in Fig. 1B , the cytotoxicity of 9d was not signicantly affected with the increasing incubation time, but the antiproliferative activity increased obviously with the increasing concentration of 9d. When 9d concentration was 200 nM, the induced apoptotic A549 cells was less than 15% with the incubation time ranged from 16 to 32 h. However, when 9d concentration increased to 1000 nM, only 70% viable cells were le with the three different incubation times. When 9d concentration was 600 nM, the viability of A549 cells was at approximately 80% and 75% separately at the incubation time of 16 and 24 h, which was appropriate for metabolomics study. For the convenient of the following experiment, 600 nM of 9d and incubation time of 24 h were nally selected.
Multivariate statistical analysis and identication of intercellular discriminate metabolites
In order to investigate the metabolic ngerprints in A549 cells, the metabolites extracted from vehicle control and 9d-treated cells were proled by UPLC/Q-TOF MS in both positive and negative ion modes. The results showed that positive ion mode provided richer information than the negative. Respective base peak chromatograms (BPC) were shown in Fig. 2 . The acquired initial data were then analysed by the Markerlynx soware (version 4.1, Waters Corporation, MA, USA). Fig. 3A showed the PCA score plots in positive ion mode, representing the distribution between the vehicle control (Control) and 600 nM 9d with two principle components. And the QC samples were tightly clustered, indicating the excellent column stability in the whole run. 25 Besides, an obvious separation was observed between the control group and 9d-treated A549 cell group, indicating that 9d induced the distinguished change of intracellular metabolites. The S-plot was a scatter plot which combined the covariance and correlation loading proles arising from the predictive components of OPLS-DA model, which suggested the control and 9d groups were clearly separated. Such analysis exhibited intuitive variable that had signicant contributions to the distinction of these two groups. The signicant variables, with high correlation and covariance values, were located in regions far away from the origin (red boxes in Fig. 3B ), and were selected as potential biomarkers. An independent t-test indicated that these variables between the control and 9d-treated cells were statistically signicant (p < 0.05). A List of metabolites except for those involved in glutathione metabolism, glycerophospholipid metabolism, aminoacyl-tRNA biosynthesis, cysteine and methionine metabolism were summarized in Table 1 , including retention time, the mass obtained in UPLC-MS system, the mass error when compared with the database and the metabolite's fragment ions used for structure identication experiments. A total of 22 signicant changed metabolites were identied in positive and negative ion modes. 
Metabolic pathways analysis
Metabolic pathways disturbed by drug dosage were further studied using MetaboAnalyst based on the signicantly different metabolites. MetaboAnalyst is a comprehensive database for high-throughput metabolomic data analysis, which was used to reveal the most relevant pathways disturbed by 9d. The results indicated that 22 signicantly changed metabolites involved in glycerophospholipid metabolism, glutathione metabolism, phenylalanine metabolism, cysteine and methionine metabolism, aminoacyl-tRNA biosynthesis (Fig. 4) . The impact values of glycerophospholipid metabolism, glutathione metabolism, phenylalanine metabolism, cysteine and methionine metabolism were 0.23, 0.24, 0.15 and 0.04 respectively. In addition, some relative low impact pathways but involved more than three signicantly changed metabolites, including L-phenylalanine, L-isoleucine and L-methionine, were also investigated in our experiment, such as aminoacyl-tRNA biosynthesis.
By comparing the 9d-treated group with the vehicle control group, 5 metabolites were involved in glycerophospholipid metabolism, including PC(12 : 0/18 : 4), PC(16 : 0/18 : 2), PC(16 : 0/22 : 5), PE (14 : 0/20 : 3) and LysoPC(24 : 0) (Fig. 5A) . LysoPC has been selected as a marker of many diseases, such as Parkinson's disease (PD) 26 and glomerular inammation. 27 As the intermediate of PC, 28 LysoPC also regulates a variety of biological process including cell proliferation, tumour cell invasiveness, and inammation. Our results showed that the detected LysoPC increased in the 9d-treated group, which indicated that the oxidative stress level in A549 cells might be up-regulated by 9d and then led to an increase in LysoPC level.
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Instead, PC and PE levels were decreased in 9d-treated cells. PE is a precursor of PC, which is involved in the turnover of cell membrane. These phospholipids take part in lipid signaling pathways, either acting as ligands or generating intermediate substrates. 30 Generally, PC and PE are highly expressed in cancer cell lines for the enhanced proliferation and differentiation of cancer cells. PCs are the main components of cell membrane, so the changes of PC levels and its precursor PE are regarded as key indicators of pathophysiological changes. When A549 cells were treated with 9d, the cell membrane biosynthesis was prevented by the oxidative stress, which could be further demonstrated by ROS test.
As shown in Fig. 5B , three metabolites were involved in glutathione metabolism, including reduced glutathione (GSH), oxidized glutathione (GSSG), and L-cysteinyl-glycine (L-Cys-Gly). GSH is the most important antioxidant in cells and can convert to its disulde form (GSSG) in enzymatic and nonenzymatic reactions. The balance of GSH and GSSG provides a dynamic indicator of oxidative stress in eliminating the free radicals and ROS. The negative association between GSH and GSSG suggests the increased glutathione redox capacity, mitochondrial superoxide production and a chronic inammatory state. 31, 32 As shown in Fig. 5B , GSH decreased by nearly 40% in 9d-treated cells compared with the vehicle control, suggesting the 9d induced oxidative stress. While GSSG and L-Cys-Gly, the metabolites of intercellular redox reaction, were signicantly increased in the 9d treated cells. The result suggested that GSH was also exhausted by the increased ROS that generated by 9d treated cells. Therefore, these results suggested the produced intercellular oxidative stress aer 9d treatment might cause the cellular antiproliferation.
The cysteine (Cys) and methionine (Met) metabolism is essential for the entire biological world due to its critical role as the link between primary and secondary metabolism. metabolism were identied in the 9d-treated A549 cells. In the 9d-treated group, L-methionine was increased signicantly while GSH level was decreased (Fig. 5B) . GSH, an important functional thiol, plays a key role in antioxidant activity. For example, protein could remain active for longer and also ensure its related biological activity, relying on the reduction of oxidation or inactivation of protein thiols. L-Methionine is the most important methyl donor in vivo and could combine with ATP to generate S-adenosylmethionine (SAM). Similarly, Lmethionine has the lowest oxidation state of sulfur, which is akin to the thiol group in GSH and plays a key role in antioxidant activity. These organosulfur compounds account for their biochemical functions.
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For instance, lipid peroxidation caused by oxygen free radicals (ROS) in vivo does harm to the bio-function of cell membrane leading to the injury of organism. ROS will damage the primary and secondary lysosomal membrane, releasing acid phosphatases, which damage the cells, mitochondrial membrane and other organelles. While L-methionine struggled with these damages and its amounts were up-regulated. 35 The results indicated that ROS might be produced by A549 cells aer treatment with 9d.
As is well-known, phenylalanine (PA) is an essential aromatic amino acid in the function of many proteins and plays a key role in the biosynthesis of other amino acids. For example, PA is converted to tyrosine in the biosynthesis of dopamine and norepinephrine neurotransmitters. 36 However, PA has two forms, the L-form is incorporated into proteins and the D-form acts as a painkiller. As shown in Fig. 5C , L-phenylalanine level was increased while the important source of L-phenylalanine biosynthesis was down-regulated like m-coumaric acid, indicating that related protein synthesis disorder was probably induced by 9d. 37 Several studies have shown that L-phenylalanine can be used as a carrier of anticancer drugs, which have many advantages such as good stability and targeting and specic site delivery effect. Besides, L-phenylalanine could improve efficiency to 3-5 times compared with other amino acids, either in inhibiting cancer growth, or reducing the side effects of drugs. 38 The up-regulated L-phenylalanine is likely to act as an endogenous carrier for 9d to improve the drug efficiency.
Moreover, aminoacyl-tRNA biosynthesis, which delivers the amino acid to the ribosome for incorporation into the polypeptide chain, has participated in diagnosis, treatment, and prevention of cell proliferative and autoimmune inammatory disorders. 39 The researches have found the aminoacyl-tRNA synthetases, which work in G1-arrested Chinese Hamster Ovary Cells, catalyse the attachment of the correct amino acid to its corresponding tRNA and produce aminoacyl-transfer RNA during translation of the genetic code. 40, 41 The increased levels of L-phenylalanine, L-isoleucine and L-methionine (Fig. 5C ) indicated that their attachments to corresponding tRNA were probably perturbed by 9d through cell cycle arrest. The result was in accordance with some marketed aminoquinazolin derivatives targeting EGFR, such as getinib and lapatinib, which induced G1 cell cycle arrest through selective inhibitors in cancer. [42] [43] [44] The cell cycle analysis was needed to conrm the above hypothesis.
Cell cycle arrest induced by 9d
Cell cycle analysis is vital for aminoacyl-tRNA biosynthesis. Aminoacyl-tRNA is biosynthesized by tRNA synthase. Once the tRNA synthase is inhibited in cells, the p21 promoter pathway is activated to block cell cycle progression in G1 phase and inhibit tumour growth. 45 To further dissect the aminoacyl-tRNA biosynthesis aer 9d treatment, the cell cycle analysis was carried out according to the previous researches. Limited isoleucine in A549 cells shuted down tRNA synthesis very quickly while protein synthesis continued at a surprising rate even up to time of complete G1 arrest. As shown in Fig. 6 , the cell cycle distribution was signicantly changed aer 9d treatment. In detail, aer exposed to 200 nM of 9d for 24 h, the percentage of A549 cells at G1 stage increases from 57% to 65%. When the concentration increased from 600 nM to 1000 nM, the cell percentage at G1 stage increased from 71% to 76%. These results indicated that 9d could block A549 cells in G1 stage to inhibit cell growth or cancer progression.
Considering aminoacyl-tRNA could be synthesized with related amino acid at G1 phase, so it was highly correlative that the L-phenylalanine, L-isoleucine and L-methionine were upregulated aer 9d treatment. 41 The results suggested that 9d led to a noticeably increase of G1 phase fractions in cancer cells, which was in consistent with earlier reports of other aminoquinazolin derivative, such as getinib and lapatinib.
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The changes of mitochondrial membrane potential (MMP) and reactive oxygen species (ROS) induced by 9d
The mitochondrial function and cellular ROS level were further investigated to prove the oxidative stress and cell apoptosis triggered by 9d. Mitochondria generates most of intercellular ATP, which is involved in many tasks such as signaling, cellular differentiation, cell death, as well as maintaining the control of the cell cycle and cell growth. 46 In addition, the stability of MMP is an important safeguard to prevent apoptosis and the change of MMP is an early signal of cell apoptosis. Therefore, MMP assay was carried out with a uorescent dye Rh 123, a mitochondrion-selective stain to monitor whether mitochondria was dysfunction. Aer A549 cells were incubated with 0-1000 nM 9d for 24 h, MMP was descreased drastically in a dosedependent manner (p < 0.05) (Fig. 7A) . When A549 cells were treated with 200, 600 and 1000 nM of 9d, the fold changes of MMP to control cells were 0.793 AE 0.118, 0.661 AE 0.076, and 0.232 AE 0.069, respectively. The results demonstrated the function of mitochondria was greatly destroyed by 9d in A549 cells.
Moreover, 9d-induced ROS was measured with a permeable uorescence tracer, DCFH-DA, which would be oxidized to generate uorescent DCF in the presence of ROS. Aer A549 cells were treated with 0-1000 nM 9d for 24 h, the uorescence of DCF was measured. As shown in Fig. 7B , the intracellular ROS level was signicantly increased with the increasing concentration of 9d (p < 0.05). ROS is the main cause of lipid peroxidation cell damage in vivo through reacting with carbohydrate, amino acid, lipid, nucleic acid, especially pyrimidine and purine of DNA in biological organisms. 47 The generated GSSG and LysoPCs from GSH and PCs, and remarkable increased LPCs also indicated the oxidative stress induced by 9d. Altogether, 9d induced the oxidative stress and subsequent mitochondrial lesions and cell cycle arrest at G1 stage in A549 cells, which might in turn affect cellular metabolism, and nally lead to programmed cell death.
Conclusions
In summary, a new aminoquinazolin derivative 9d was investigated based on metabonomics to reveal the antitumor mechanism. 22 metabolites were identied through an UPLC/Q-TOF MS-based method. The possible action mechanisms and metabolic pathways were shown in Fig. 8 . Based on the disturbed metabolic network, there were two possible mechanisms actions of the 9d: (1) 9d induced oxidative stress in A549 cells to produce more ROS, which then disrupted cysteine and methionine metabolism, glutathione metabolism and glycerophospholipid metabolism. The veried experiment of ROS and MMP levels proved that intracellular oxidative stress balance had been perturbed aer 9d treatment. (2) L-Phenylalanine, L-isoleucine and L-methionine were identied to upregulate in 9d-treated cancer cells, which was consistent with the cell cycle arrest at G1 stage. The result was in accordance with some marketed aminoquinazolin derivatives targeting EGFR. As a result, all these alterations in metabolism led to the cell apoptosis. These ndings enhance our understanding of the action mechanism of 9d and will helpful for improvement and application of aminoquinazolin derivatives.
